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(54) DIRECTION SENSOR AND ITS PRODUCTION METHOD 



(57) A direction sensor has a first and a second 
bridge circuits; each oircLiit tnciuding at icast iwo detect- 
tfig sternents fotmsd on a main surtac© of a substrate 
and connected in series and their iongitiidina! directions 
are crtjsstEjg each other. The sensor has also a first and 



8 second magneiic bias appSication parts reapectivefy 
fadng towatd tic firs! snd the escond bridge circufts< 
Difsctiofts of magnesic field of the magnetic ijias appii- 
ceMon parts ars differens with each oth&r. The direction 
seosordoes not require a hoider or s coil; fherewith min- 
ialufiKation of the sensor is tessibie. 
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Descrifrtion 
TECHNiCAL RELD 

[0001] This invsntiorj miates to a difectfort ssosor to 
be used far various slecsronic tnsirumein^s and a pro- 
ducsfoR mstiiod thereol. 

BACKGROUND ARTT 

10002] Fig. 1 0A is a perspective viow of an ordinary 
direetiort eeneor, and Fig. 1 0B is a sectional vmf of the 
same taken aiong the fin© A-A. The ortjinary direction 

sensor has; 

» bridga circuit 3 indudingfoiir detecting eiertsents 2A 
to 2D. piaced on an upper surface or substraJe 1; 

• hoicier 4 hoidirtg substrate 1 ar>d covering substrate 
1 1nclucilRg bridge ciroujx 3; and 

» first coii 5A arrd secorid coif 5B formmg magnetic 
bias application parts, made of conductivs wires, 
ti a g p ound iioider 4 with predetermined 
winding nunnbers, and being at tight angles to each 
Qther. 

[0003J in ih& ordinaiy dsrection sensor, substrate 1 in- 
ciiidif^g detecting eientents 2A to 2D is heid by iioider4, 
and first coil 6A and second coti SB wind holdsr 4 around 
it. Because of this structure, 3te ordinary directlof) sen- 
sor is large and )t is di^icutt !o be miniaturisied. 

SUMMARY OF f He !f<iVENTiON 

[0004] A difection sensor in itis prssant invention has 
8 first detaciirig ciscuii inctudlf^g aS feast two tteKscting 
elements iTiounted on a main surface of a substrate, a 
second detecting circuit constituted identtcaiiy with the 
first cinsuit, a first magnasic bias application part dis- 
posed in a position facing tins ttrst detectfrig circuit, and 
a second magnetic bias appiieatton part disposed in a 
f>os!t!ott fadng the second detecSng circuit. The second 
magnetic bias af^iicatton part generates a magneflc 
fieid In a direction different from a magnetic field thai the 
first magnetic bias appiication part does. 

BRIEF DESCRtPTiON OF THE ORAWtNQS 

[OOOS] 

Fig. 1 A is a perepective view of a direction sensor 
in accordance with a first exenrpiary embodiment of 
the present inveollon. 

Fig. IB is an sxpioded perspectii/e vtew of the di- 
rection sensor In accordance with the first exsmpia- 
fV embocilmfint of the pre.'jenl invention 
Fig. 2 i"> a sscuonal view of tiie diieciion sensor io 
a(Jt;ordat!ce with the first exemplary embodiment of 
the present irjvention. taicen aiong the fine A - A of 
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Fig. 1A. 

Fig. 3 ]&. a plain view of ati upp«!r sitrface of a first 
and a second bridge circuits, main parts of tii© di- 
rection sensor in accordance wSh ths first exempia- 
5 ty embodiment of !tie pressenr invention. 

Fig. 4 is an eieefiicctRnilt diagram o? the tirel brieve 
circuit, the (nain part of the direciio-n sensor in ac- 
cordance with the first exerrpiesv emiMdiment of 
the present invention. 

Fig. 5 is a graphieat illusltation showing a teialior! 
between a nnagnetic fieid strengSi of the first and 

thG sDconci rnagntotic bias appiication parte and a 
vatiatiDn of detectsd direction on ttre direcBoo sen- 
sor in aceordancs with the first exempfery enribodf- 
1$ ment of iUe prasent invention. 

Fig 6 is a .-ssctionat view of another direction sensor 
srt accordance with the first exemplary ertsbodiment 
of tiva preserjt invention. 

Fig. 7 is a sectionai view of a direction sensor in 
so accordance with a second exempiaty ernbodiment 
of the present Invention. 

~ig 8 is a plain view of an upper surface of a first 
and a second Ssrij^e ciwuits, main parts of a tJireo- 
!ion sensor in accordance with a tfiird exemplary 

■w embodiment of the present invention. 

rig. 9 is a drx:uit diagram Of a varied type of the first 
detecting citcuit of the difsction sensors in accord- 
ance watt tiie first to the third exen^iary embodi- 
ments of the present invaotion. 

3tf Fig. 1 0A is a perspective view of an ordinary direc- 
tion sensor. 

Fig, 1 0B is a sectionai view of the orcfinary dirsdion 
sensor taKen aiong the iine A-A of Fig, 1 0A. 

35 DETAtLED OESCRtPTlOM OF PREFERRED 
EMBODIMENTS 

[0006] Exemplaty emboiSments of the present inveti- 
tion wiii be demonstrated horeinaftef using the draw- 
^ ings. Aeame naferenoe mark is used forsn identicalcon- 
stitoent, and detatted expianation of it is omitted. 

RRST EXEMPLARY EMBOOHi/lgNT 

-fs [0007] Fig.1 A is a pfirgpective view o1 a direction sen- 
sor irt accordance with a first exemplary smbodtment of 
the present invention 1 , Fig 1 B is an expioded perspec- 
tive view of the satne. Fig. 2 is a secticnai view of the 
same, ta!<en along the iine A-A, a nd Fig, 3 is a piain viev/ 

$6 of a first and a second tiridge circuits, main paris of the 
same. Fig 4 is an eiectric circuit diagram of the first 
bridge circuit of the direction sensor in accordance with 
the first exempfasy embodiment, 
[0008] As shown in Fig, 1 A to FIg.S, ths direction sen- 
sor in the first exemplary emboditreftt tias: 

♦ substrate 11, 

» first bridge circuit 1 3 (a first detecting circuit) having 
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first dstectffig efemsrjt 12A lo fourth dstectifjg ele- 
ment 12D, formed on an upper surface of substrate 
11. 

secoriQ bndqe cf rcuft 1 4 (a second (Jetecting circuii) 
Vint} f tfi de cti'^o eieneit 1 1.'" to ^ itn vieteC 
ifiq etemonM2H. 



it 1 3 ai 



magnetic bias application part 17 (hereafter, sach 
caBed appiicatfon part) reapectiveiy cfigposed on 
upper surfaces of insufattnq layer 1 6A and 158. fac- 
irsvj to » etfci { s brdgsc cui "< 3 and soconc} bridqe 
Circuii 14 respeotiveiy, 
* in/f' rfypf'. A I J t B (,0! tpo'^^d of sut 1 ^< 
epoxy r< s n riind siitnn tesin rp^ptjctivefy rfr^posrt 
ed on uppsf surfaces of first application part 1 S ano 
second appftcation part 17. 

[0009] First and secor^d aopltcatton parts 16 and 17 
sre constituted so as thefr generated magneUc fields di- 
nuA s(iba[.>jnt)aliy 90* different each otter, as shown by 
an-ow marks 31 ar^d 32 m fig. 3. 
[0010] It c con-jttuert rrrrr&ers ars exp'?ined here 

[)«llj > tate IS II rectangjia sha»e and 
.1(1, c 1 uhtitgmaierfoi uch iiit n A 

fara siy f Tri^d or> d rt )i( t ( ! St 
1 ti 1 I n o it IS easy «o get i 1 1 i>urface of 
t! I V i- rffofc i fTU'<r-« t «'a<-> f) oin irst bridge 

t utf n i onib t jgt c t,uit U h=f eon 
[0012] hfst Drdge cir-^L, 13 is corrjpobcc of first de 
tecting eemerji 12A second detecting efemsnt 12B 
third detecttrtg element ISC and fourth delecltng ele- 
-itspt 1*0 Fiitol letectiny e!e use * 2A tofojrlh detect 
t>4 ieme t 12^ a\. miit. u ui,h i-, c ra e 
ma n-( thr firj r 'in <i it( 1 i tt ultUy !( 
fold d r mu pi t i o c 

s t-o-npos'-o of ^ Co ^ ("ir I kr Wih ^ 

raieof resistt-ncft value rsaCies a p65k wien ar oi do 
magnetic tieid fs vorficatiy ac^Hsci. By folding up ths siirn 
multiple of times, nomberof lines of fteterrestnai mag- 
netism crosshg the him ts increased, so Siat the chang- 
mg rate of the resistance vaioe becomes high , improving 
« tcTsstnal maonetfsm detecferg sensitivity 
[0013] h octeUinc} eif^rncit 12A a d second oe 
tM Qil "Is. n A-^a^ \ iv 1) t?rt s'^rt'S 
rdt jr<t-tc nij U-^r 2^ n J fr^urt^' der Cine? °l 
f (f^ i^D i rfis c. t f !i) t- 
uit -^f fir 1 tic t-c (nij Im^MtA 
elemcni <J3 r-ffit, cn ^^ii ji 
CTient 1 V ^nd ourtr aet ttnq t viiont i''0 m eUc 
tficaiiy connected in paraBet. Ttis joint pan of first de- 
tecting element 1 2A and second detsottnq element 1 28 
Is connected to first output efectrode J?OA, and the joint 
part of third delecting element 12C and fourth detecting 
elment 12D is connected to second output aSeetrode 



SOB. 

[0014] Longitudinal directions m me patterns of first 
d(3teciin(} oternenf 12A and second detecting elenerft 
1i;B are Cifferent ay sutistar?5ially 90". Aa;otdiri«j ia tiiirtj 
aeteciincj element IsC end fourth dtMisctmq element 
1 D «rr3nqemontr<itm!artot>i£ ofelsntr 12Ar.! 
128 T !of ^ udt. d(f>,clijri I tt c D 10 n i t <;! '^t 
te^t A ro oiJilh ott.r ii 4 n r ■< 

are ir'" l A o tjt nJl^fcttq t-ki is, 
1^8 and iwd dt. < 1 ig c I fwtlPt rfrf=i jorrt 1 > 
simitar to that of otements 12A and 120. 
[0015] Furttier. first detecttn<j olsment 12A and third 
detecfinq efcmcnt 1 2C are connected to input electrode 
ISA «.nd <iecond dot ctnq wei 12b arJ fjut+r ck. 
toct! vjo '^-•ni 2Ja» o^r^ei"" fiqo J o tdt 
i9A 

[0016] T( s its f^tprtin-jP'ip-r'f-iiil A ii rt)- dt 
tedii Q e t;n nt ,,1? t t Jte -j fji! L idi^t h wn 
Tig. 4. A variation of a dtfferenifaf vofiaas betweisn two 
output voltages ot ^''st outp^. t ekxitrooe 20A =■ d sscor i 
output electrode 208. is increased with an effect ot thd 
bridtje circuit, so that compass direction ts precisely 
identified. Further, because noise from the two output 
vofagsb are cancelled e8c>"o+het adscsitic}! o xiti 
tifytnq direction due to the noise is rem? ned sn a. 1 
[0017j Vo ef^vei the fo'igittidtnai d re-tions of oe cc 
mq c (.r cnt 12A t" fojrth dcttxtin^ clement 12D .^rc d!! 
10 t idii-ct on of the magnetic fieidorodjccd 
f ion part 16 By coisti utog lt!<e this tho 
losts a 10 valuta of ft vt doiei-tif^g «.1t>npnt 2A I's fo trth 
deteOtng efement 12D are '^cnsiv.e ed to c angc lim 
arty with the change of tne magneto J aiQ "?>erowfth 
compass diroction ts easily cj-teul itco by tr e a ff er"n* ai 
vol-age. Intbts exemptaiy embodiment, the longitudinat 
dtrecttor?s of first detecting elemetit 12Ato fourth deleci- 
iny eiemenf 1 2D are eai,h ai gisd by 4»i» to the magnetic 

tfd jCfouttdU 11 cij. oat :>n pt-rt Biflnettrigle 
ii. ! t-log&is at d oyfist 

p 1 '^rttve'l/ crange tna e 

ci, jOfftiK i 1 viKj'-icm n " i^mc '^o t 
cS^bAer qnot Si id !u t-t-foii: tfi cn } o 
180 d «. cti c-ti^ ,3 -^idcc if not 3' 
[001S] fnpjt s»l6ctode ISA gro d Llo-rodt UA 
first oi«p«t eiecirode 20A. ana second otifput eiactroda 
SOB are a!! composed of stiver, silver palladium or the 
like. 

[001 9J "^eco a r Jgc cff Uit14 " tm j y t ictjrod 
to t!)<;l brrqet u lit d c) rt*- tt ct q etpnient 
12E nt^dot ctnQt-iem it U li hds, a m)0 
( tr ) t 1 ti ir » oi jhtti do tci io «■! rt nt c-nd s 
connectea to input electrode 18B. ground electrode 
19B. tnird output sfectrode 20C and fourth output eiec- 
ttotie 20D. 

[0020] These censtifuent members are correspond- 
irsg. tike fffth detecting element 1 2E of second bridge cir- 
cuitl 4 to f trsl d«!lecting element 1 2A of fm bridge circuit 
13. Similariy, sixth detecting eiement 12F corresponds 
to second detecting eiement 12B, seventh detecting el- 
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ement 12G to third detecfing element 12C, eighth de- 
tactsng elemeni 1 2H to foiirthdetectiBgcirciii! 1 2D, input 
eiectrode 18B to input eiectmde ground dectrode 
1 88 to ground electroee 1 8A. thsrd ou^ut eiectrode 20C 
to first output electrode 20A, ana fourth oii^ut etectrode 
20O to sescond output eiactfode 20B. 
{0021 J Stilt fmtl>er, irput eiectrode 1 8A and input elec- 
trode 18B are electricatiy connijcted and ground elec- 
trode 18A and ground eiectrode 19B am also elsctricaify 
connected, Ttius, first bridga circuit 13 and second 
bridge circuit 14 are eieotrtcalty connected in paraitet. 
[0022] input eioctrodes 1gA and 188, ground efeo 
trades 1 9A and 198, first output etecrtfoda 20A, second 
OLitpuit eiscSrode 20B, third output eiactfode 20C and 
foiifth output etectrode 20D are ait exposed lor inputting 
or outptitting signals mth outstds. 
[0023] insuiating iaysr 1 5A is deposited or> the upper 
surtacfe of lirst bridge ci«j«it 13 , and insuiattng iayer 1 58 
on the upper suiface of second bridge circuit 14. The 
iayers are composed of a nfiatertai having an fnsoiatirtg 
ct^aracteristic, such as SiOg, aitifnina^ epoxy resin or sil- 
icon resin. Tiiey eiectricjitiy tnsLiiaies first and second 
bridge circuits 13 and 14 from fii-sl and second appiica- 
tion parts 16 and 17. insutating iayer 15A covers fitst 
detecting element ISA to fourth detecting etemem 12D 
and insuiasing layer ■ 58 covers fifth detecting element 
12 £ tc &lgiitt-! detecting eiemem 12H. 
[0024} !f SiOg is used for insuiating layets 15A and 
15B: and if CoPt aiioy is used for first and second appli- 
catton patts 16 and 17, intimacsf of contact of the insu- 
iattng iayers wttii flt^tand second apptication parts 16 
and 17 ie strengtfjened, thereby refisbfiity including hu- 
miaity resistance is improved and Cfost of the devic© is 
raduced, 

[0025] Rrsi applicatiorf pad 1 B is disposed on tiie up- 
per surface of insulating layer 15A facitsg toward first 
bridge cifcuit 13, and second apptioaJion part 17 is dis- 
posed on the upper surface of insulating tayer 1 58 fac- 
ing toward second bridge wnsuft 14, Tiisee parts are 
made of magnet euch as CoPt aiioy, CoCrPt aiioy orfcr- 
rite of which a magnssic ftetd is aligned into one direo^ 
tion, First appiicatiofi part 16 erttireJy covers first bridge 
circuit 1 3, and second application pats 1 7 entirety cov<3«5 
second bridge circuit l^;!. Dirficticns of fhs tnagneiic 
fij>!ds produced by first appii^ V-:: r- - s"-; .^no ,5s:ond 
appiicaiion p«rl 17 are £uc?,t,;~S;(; :y ■"(.■■ ciiJiC'C-:'. &s 
mentioned above. First and secc-nc scciication 3a;ts ■ S 
and 1 7 generate' trjagrtetic field m a strt'tigrli ot 5 to 20 
OE. 

[0026] Next, the reason why itie snengSft of tiie mag- 
netic f«id is set in 5 to £0 OE is e}<pta)ned. 
[00271 ^9- 5 is a graph showing a relation between a 
>T5agnet tfaid strengtti generated by tirsl and secor^d ap- 
plication parrs 16 and 17 and s dispersion of detected 
direction, in ine gr,apn, ailcwabie dispersion in tiie de- 
t&cfed ditecSior! is SitioA'o Us bs 7'. wiiioh is a tnajtimi^'n 
aiiowabis dispersion in detecting 3G points of compass 
directions. 



[0028] As is evidently shown in Rg. 5^ the dispersion 
in ih(5 delected dir^iciian ta reduced btstwtjen the rrmg- 
netic fieid strength in 6 to 20 Oe and where the dirsction 
is tnore preciseiy identiftad, 

s 100231 Setting its t^ove range, since the magnetic 
toid sfrengfii issel 20 Oe at nnost, a difference between 
a fieid strength of tetrestria! magnetism and the tnag- 
neticfieid strength becomes smaff Stilt f«rtf)er, sincethe 
magnetic fi^d strength is set at 5 Oe at least, first and 

10 second bridge circuits 1 3 end 1 4 generates lh@ oulputs 
above a certain strengtit. Because of above reasons, it 
is desirabie tl^e nrtagnetic field strength of first and sec- 
ond appifcation parts 1 6 and 1 7 is set in a range of S to 
20 Oe. 

15 [0030] When a nartowar dispersion is required in de- 
te<;ting a direction, the range of tte magnetic field 
strength is needed to be further iitrjited. For examples, 
when a 5' of directional dispersion ^ required, the rrrag- 
netic fisid strength is sat betweett 6.0 and 18.0 Oe, or 

so more preferabiy betvireen 7.s and 1 5.0 Oa, 

pJOSI} if CoPt alloy is employed for first and second 
appticatiort parts 16 end 17, tfse thicitness of the appli- 
cation parts can b& made strtailer up to around SOOnm, 
in this case, the strength of the bias rr.agnetic fieid is 
staijiii?ed because of smail disperslor* of the ti-:ic;i';iiess, 
[0C32] if ferrite is empioyod for fl rsf and sscond appii • 
cation parts 16 and 1 7, cost of application parts 1 6 and 
17 can be reduced, 

{0033} Nejit, a production method erf the dirtsction sen- 
se sor (ft accordance with the first exemptar/ embodiment 
of the present invention wiii be described. 
{0034} First, first detecting eiemenl 1 2A to eigiith de- 
tecting element 12H, input eiectrodes 18,A and 188, 
ground eiecrrodes 19A and 19B, and first ouiput elec- 
ts irocie 20A io founts output eiectrode 20D are formed on 
til© upper surf ace of substrate 11. To forming ttiefTs, a 
rrsethod sucii as a prinSng or a vapor deposition is used, 
[0035] At ttiis time, first bridgecircuit 1 3 is fomned with 
lirst detecting eiement 12A to fourth detecting oiement 
^0 12D, as weli as forming itput etsctrode ISA, ground 
electrode 1SJA, first output elsctroda 20A and second 
oiitput eiectrode 20B respectively at predetermined po- 
sitions. Similarly, ascend bridge circuit 1 4 is foimed with 
fi'th detsct ng eiemert 12E to eicjhtii detecting element 
■*? 12H, as weii aa fomMnc) snDt;) ofeetrocte 18B. ground 
eiectrodo 1 9B, titirci outpu; eiec;rode20C and fourth out- 
pLit electrode 20D at reeoective positrons, 
[0036] ^e.xt. Insui^-lin;} layer 16A isformsKS on the tip- 
per sii'iacs of first bridge circuit 1.3 as weii as foriTting 
so irisuiasiny tayer 15B on tiie upper surface cs; seoorud 
bridge circuit 14, As previousiy mentioned, insulating 
layer 1SA is formed covering first detecting element 1 2A 
to fourth deteciing otemcnt 12D, and insufatint) layer 
1&B covering frfth detecting efenjeftt 1 2E to eighth de- 
33 tectingeiement 12H. 

[00.17] Then, first nsagnetir; biss applitaiion par: 1 6 is 
formed on tiie upper part of insulating iaysr ISA as the 
part facing towatd first bridge circuit 1 3, by a printing or 
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an etching method as well as form ng sscottd magnetic 
bias appiicaiion part 17 on the upper part of insuiatmg 
layer 1 5B. tacsng towatd stjcona brsdgt? circtBt U. "hen. 
approximatitig magneftc fieid-gertsratrng cotfe to first 
c nc! ocvarj app ica'jon parts 16 erd 17forestab o'^ no 
iiie magfjelfc tieid dffecled m ceriatr dftec!(Of!. 
[0038] In pro-ssR of ^flt dfn-^^ c* feclKJns. jf f 
delecting wien ICK t. ti"-! h d;L«.ct t ^irci 1 H 
rse f^r^■dng8d t.c t; i to >s t lo qm i it.!n o'-aouc^i^ 
by first and secsiu app!i„«'ioii polt^^ 16 and j? at 
angio of AB" . and the magnotic f icio dff octtons prodocoa 
by first and second apptioation parts 16 and 17 to be 
direatocf sooat 90° diffecent wtt'^ each other, as ehov/n 
m fig. 3, 

[003«] I <^ if '■vMiP m-1 { "-St o-^tJ spfoncJ a»p!icattan 

{ rtfts .^tlt* 1 ' rf tr- OFTifirf ^ |(fj(,ff TttlhniJ ?h<WDy 

camaqad, 

[0040] ".fails V a resist s aoplicd at -i pU cc whcrott'Sl 
end seoorjd apoltcaijon parts 16 and 17 are not to b© 
formed, Uisrt magnette materials foiromg llrst ai^d sec- 
ond appfscaJion psfSs 16 and 17 are appfied on mim 
surface of msulattng layers 1 5A. 1 5B. and then the resist 
)£ removed, forming ffrst and second application parts 

15 pnd 1 7 aE ttieir prcdotemnod cosiitors l-i this proc 
ess Lime-ess ^7 maaie'tc nr-terial t& (orroveo vi-h?" 

t t, ^^'s 1 i» T t iK( i's'< f> OK'^C\.0! !. 

L nwwnf fj mriLjn.. t e rtwrpu^i sp! t \<^y A'h c b is h 
cuirso by me ex^ ng Tie hod iberawiih bridge circuits 
13 and 14 and tnsulatjrts tayers 15A and 158 are pre- 
ventedfrom being attached orpenetrated by etching iiq- 
uid. 

[0041 J Especially, when CoPi alloy is etched for form- 
mg tirsf and second application oarls 1 S and 1 7, a strong 
acre of etching liouid is used. The etchmg liaufd dai-nag- 
es irsssjiating layers 15A and 15B or first and second 
Dodqe circuits 1;> and 14. detersoraftng humidity restst- 
snco and saofiriGing rehabiiity By using the liftoff meth- 
od, those piobioms arc isvotdod and h qh rcfi-^biiity di 
rection setisor is ptowded. 

[t»43} In this exemplary embodiment, th© rnaqntntc 
f »ias are aligned after first and second (^plication parts 

16 and 1 7 are formed. By doing so. the magnetec fields 
of frst and second appSieation parts 16 and 17 are isi- 
nU an^oustv or sticcesstveiy aligned so that producttv 
iti, s in^provad !n pfncing ptycsss a maone of 

[0043] Labtiv oovct I^i^of ?1 ^ is !< ^ u d a 1 tft>? u^.-^rvr 
iutf-ic£ cf fapp ic it o ! j-» + 1G j<5 we 1 do to ming 
cove iyt.r 21B or Yt' uopr-i s r'jr-t o' secoHQ af,pli 
r-c-uonpart / Dy a rro u ig methot! tor instance 
[0044J Next, working pnnopte of the direction sensor 
in arcordance wi h the first ©xmpiary emboolnisnt of 
the present invention wilt t>e explained. 
5P045I First, a prescribed voltage is applied between 
input electrode ISA and ground electrode ISA in first 



bridge circuit 13, I hen. tne magnetic fislds generated 
by first magnetic btas application part 1 6 and the terres- 
tn.!si rf)agne!ismt;hange Ine reststance values of first de- 
tecting element 1 2A to fourth detecting elemKiit 1 2D. As 
6 !hi» t " tj •) at outa>.t eectrode 20A and sccou cu^tt 
elfscttods 20B ouims: voltages corresponding lo the 
ctian-je o) Ui3 resistance values, and diflerentiii! VQliisqe 
fco w(- ' iijfouts dc octDCJ Ki; vo!f.-g ^ 

1- ^■^^ .r^oir-nq 'i-i angte bv \\HiCh tl<j -eit^^btial 
niBgneiistT! crosses fsrsJ bridge circuit 13, Ttte voltiige 
changes substantiaily siniisotoatty depcndcni on the an- 
gle by which the terrcstoai magnetism and first bnagc 
otrcua 1 a cross. 

[(W46j in socoid D'fogo circ* j 1 1 * a df^orM i*ia! plI 
*5 vofags changit g rt.mo6i sini.£otd,i!ty wnt- a-i cioj... nq 
^ng(>-)itb:>U "st iv-(lm\gnot|.,n;^tnd-^( onih'to 

age . .itpjtvultrtgi; ?CD 

[0047 ircp tio magnetic t elo direc fon of 

so first *>pp)CrittoT ocif 16 ard that of second wppltcaton 
part 1 7 are different by 9{J», n<»iie!y a phase of one dff- 
ferantial ou^utvoitags Is shifted by 90* from that of an- 
other differentipi another voitage Assui^ing an angle of 
direcior as e one ou"pi,t vcttpgf- s spt« ionleri by A 

2S sin S c nd ari^tlnr is rgp essntsd 3y A cos tl Standp'd 
t/'od oy ampl tude A A -ar f- an OLlpLt ra d se- 
*^jOC • ti e two isa 0 V£'i out c<i iy tdo'i tivrt5 th<^ d rec 
ti t Ji cS^ic o i TPc •jieUctnlii'Jt o'lqti '^'ootn 

t < , " ;r-ii'^ t ppii-^atk n i<; (,t Ur >lli.O t. ~i «i t J 

0 ns isfc I'i -i(!plit.vuv id titct-t tno ci.s 'J /^'itoT 
process ts linnecsssary. 

{0C48 Attnstin-e the magnetic tiui'Joivctionfcbotr'g 
Se.ieratcd oy ti si ■and second appltaation oans 16 and 
1 7 IS oonlrotled so as that disperston of measured direc- 

i?s uonai angle 9 is restrtcfed witiiin a pnascrlbed range, for 
instance 7° fnthissxemptaiveinbodiTOmt an angle bo 
twecn n ,iuic i'- u fo Jnfc icis 31 and 32 producec by 
'f^' ti < ^ ^ J * - iJi-'a IS rind 17 IS mad3 

^.d'H 1 % -.v.! ^ J o reeas 1CI be 30'' As 
long as the mdgnotic lol"! di oct ois o' f rst and second 
application parts Ife anc 17 a 0 a lotofn th-' o. p >ts 
from first and second bridge circuits 13 and 14 are out 
of phase each ot^er Because the output f>on ttrst 
bridge circuit 13 changes ainusoidaHy. a same output 

-*5 value IS mcsasorso m two directional angles, however, 
one dired:fon !Sf<na ly identified with a s gn of dif eience 
between the ot*ptt ftom ft st bttdg ; c itcui 13 -nd t^at 
0* second tn-idQO nrcuil '4 Ti\w ett a»?ct or^^ Eroir 0 
to 35C" &fe idsntfted A 'hK tme t5p oittLton o' 

'0 r'Mcjre ti. ffr'td of fi it ^rid kci oTi 0 id'j < c ■■u t3 
14 vo to be ofletertiq e'^ so asv ' it, phai.t ot i it t-j 
puts may not overlap. 

[0049j in ttii3 exetsplar^f ernbodimeni, insuititinq tay 
ers ifcA ano 16B are respectiveiy separated indiviauai 
ss Jayers and covei layers 21 A and 21 8 are also s^arat- 
ed ftidivtduai layers. Nevertheless, ihe tayers can be in- 
tegi-ated as :ilusi:rateti in Fig. 6. 
[0050] Rg. 6 is a sactiotval vietfif of another direcUan 
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r V. 1 if ) « p;., ' . - 

firs? oncSqe csreurt 13 and second oncige circuit 14 aita- 

qt'fier Mt U r-o/er i>-y^' I civa ■s iHit appk^bon oarl 

16 and second appiicanon pan 1 / aitogether, 

[0051] kvm wtlh ihis cortsEtlutton. s stmilar eftsct f& 

oblamed as in the direction sensor stiowu ifi Fig. 1. 

SECOND EXEMPLARY EMSOOIMENTT 

[0052} A aeoond cxempiary ombodiment of the 
prossnt invcntiofi wsll bo expiainad using RgJ. Fig. 7 is 
a sscttorsa! view of a dlrectiofi sensor m aceordanoij with 
trj© second sjcsmpiary embodiment; of tns prese;it in- 
ventiori, 

[0053] fr! ihe first 8xemplai"y eiTibodimertt, coirspo- 
mnt& incitiding first anct second bticJge circuits are 
{ormed on one side of the aub^rate. Whefeas. in the 
second exemplary embodiment, a first bridge circuit Is 
formed or an upper surface of a substrate while asso- 
ond bridge circuit is formed on a uncier syrface of the 
subsSrate, oShsrwiss the structure of this embodimsmt is 
identical to tliat of the fiiist exsmpiary fitrbodirneni 
[0054} Foliowing, ihs structrire of the second exem- 
piary embodiment is explained. 
[00551 First brldgo circuit 13 is iormed on an isppsr 
surface of substrate 1 1 . First insufatirjg layer f 6A is de- 
posited ori an upper surface of first brieve cincuit IS. First 
rriagnetic bias appllcatton part 16 is dispossd on an up- 
per surface of first insofatrng layer 15A, facing toward 
first bridge circuit 13. First cover layer 21 A is formed art 
upper surface of il 

[0O56j Second bridge circu it 1 A is formed on an under 
surface of substrate 11 , and second insulaiing isyor 15B 
is depositt'd on ari tjndef stirfsce of secorjd insulating 
iayar 158. Second magnetic bias appfication part 17 is 
disposed on an under surface of second hsulating layer 
1SB, fadtjg toward second bridge ctreutt 1 4. Or) ai un- 
der surface of it, aeoond cover layer 21 B le formed, 
[00S7] As doscrtbed. in the direction ecnsor in accord - 
anes with the second exemptaty smbodtmerit of the 
preser>t invention, each ef first arid second bridge cir- 
2UfEs 13 f-tid 14 i"? formed or> a different suffare of sub- 
strf se 1 1 Bf^cause nt tfi.s -^tr Jotu, e drmortMori of a mMn 
em ico IS S'n Jr t^an vuh^r -frirt t r ,t arid "^pcono brtdcp 
citcuits s 'jtrvod cn ore surface iienoe the di'-ection 
56150 can i)f> produced sniaier Furthernoro since 
first tjri 3 =«',-cn jpj. ivlion prir's •<& fnd 1 7 ate formed 
or dfffes'^pt =;i '■\i-cos a dr^t-^ics between f.rst and sec- 
ond apeiicaiicn parts 18 atid 1? is made larger, malsjng 
a magnetic field influence o< first appkatton part 1 6 over 
second bridge circuit 14 small. Likewise, a magnetic 
fieiti inffuence of seconcf apptscation part 17 over first 
bridge circuit 13 becomes small 

THIRD rXFMPLARY FMBODiMENT 

[OOSS] A thirci sxempiarj? embodiment of ifie present 



! sj'Lf x'ji iMoi j'-'tqFivjf- ^i'j & («; ,^ t Inn 
^. ^ ■■ - i CPOlc-1 tot -nr< feer-uAC! b'-f^gr^ 
V ^ i T r i 'Bo'if ^ ppri'-'" in ciL c 01 iMt 1 c 
with ins ihhd Qxcmplin/ er bod rrtn ci pf^smt t 
J> vontiofi. 

(pOS9] in the direction sensor ol the iioid cuDmptafy 
erT4lodlme^(, magnetic 'lafd Pfa& t»p,>ifCatton ^drit no 
adtiltfonaify formed around first and second isridge cir- 
cuits 13 and 1 4 m seen in the plain view. 

10 [0060] As Fig. 6 shows, roagnetio bias application 
parts 16A, 16B, 16C and 16D are placed arourvd first 
bridge otrouit 1 S, conelituttng a surrounding .Tiagoetic fai 
as apptication part. Simttafty. magnetic bias application 
parts {ftereinaitor called an application part) 17A, 17B, 

}s 1 7C and 1 7D are pifsced arourid second bridge circuit 
14. 

[0061] (n fhfs sffXJCfTjre, one aide of appiicatiofi pad: 
1 6A facing first bridge circuit 13 is polarized to f^. One 
side of appiication part 16B facing toward appiicaftion 

sc part 16A through first bridge circuit 1S Is polarized to S, 
Applicatiors patt16C, tiisposed between application part 
1 6A and application pari 16B along bridge circuit 13 is 
po'.^iized !o M at a side facing applicatifin patt 1 6A and 
S g; a side feeing appiication part 1 53. Appiteation part 
1SD facing toward appiication pari 16C Ittroagfi fir.st 
bridge circuit 13 and disposed between appiication part 
1 SA and application pa,t 1 6B is poiarizoci to N at a side 
facing application part 16A and S at a side facing appli- 
cation part 18B. 

so {OOSi} Appticatron parfs i7A to 17D are disposed 
around second bridge cinsait 14; meir magnetic fields 
are rotated by SO" cloctwise m relative to those of ap- 
ptlcatlotf parte l6Ato 16D, 

[0063] Tne direcfjon sensor in itw third exemplary em- 

3S ijociment is constituted by adding appiication parts 1 8A 
to 16D and 1 7A to 17D to the direction sensor of the first 
exeiT^iary embodimet>t. In atiier words, first application 
part 16 and second application part 17 are respectively 
positioned upward of first btidge circuit 1 3 and second 

^0 bridge circuit 14, tJiougfi it is not itiustraled in Ifie draw - 
ing, snthis structure, tfie magnetic field direction of f-rat 
s^pljcadoe part 1 6 is to M at its left side and S at its right, 
asshownbvj'rrowmar1<8i 'nPg 8 The magnetic field 
dtrr cfio'» of soc;or< i aopi r^it o i pcSt 1 1 7 1 o N a 1 i " tit> 
stde and S at t-^e dovji Sfdi» is s'^ow- fiy ^rrow ha i h H? 
[0054] W \\- ttiis bfjc! tic ll-p riMqnetc f e '5 h,i' i 
:o teai< oLf jf a s.Daoo sL"-o jnJ<^d bv appi c it'on Pt rts 
IbAtolSD Because 0 rs ''icjn e^^icisncy of naqnetic 
^ieH ajpiic<i' or to "its' tiridqci circuit 1 ihe ^tpplioatson 

so pat! 1 6 and 1 6A to 1 6D can function even wiien the mag- 
netic field strengtr-r of the magnets of application parts 
16 and 16A to 16D is weak. By constituting so, a pros- 
ability that the maqnefjc f tesd applied to first bridge circu it 
13 may affect secord bndqe c ro^it i4 is ror at icd ow 

55 Application patt^ 1 "o 1 i^D vvort sim ar^ 

[0065] Above f^e fii st to *tie tnitd ^jiSfnpUr/ en li^od- 
imet^ts of the present invsntto!) are exwiaineil in aodi- 
tion. because a holder or a coil is not required for the 
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structures, the dinectjon sensors can be manufaciured 
sma f Stii more, because tt^e permanent magnets a'e 

use.d for qenerstifiq she Ijias msaEietic fietci msieact of 
e Q ^ator o a c^i t e orvCton eiteor<5 di not r => 



ooti. tnensby a mintatunxatjon fsasibie dtrection & 
IS ctetamea. 



1 , A direction secss* 



irT^i cji^dicih-^=;t^~^rdrNtrtifiqt,r'- -x ■j" 

t'tT.f. luj A « bf J fc u f ui LOT po^"C of fa. r sJc itx im ei 
cments fc delecting a dsSconSat voftagc On the other 
hanjl, me f srst detecting ercurt and the second detecting 
csroutt can be oomoosed of a haif ortdqe otrcuit usmq 
two detecting etsrrsnis l he hati ind-jc cfrciftf wii bo 
explained as folio A v^iT^Hq Fq s icrcui dw 
gr^Tt of a varieo lypp ^1- fff ■-^ « tcc-t 3 ' rn 1+ f 
ditcrtiof) sensor dC! ird tig id f f '1 t r t 
[0067] Ftfst detecting circuit BC i!> ^ 
detecting eicmens 12A aid secoia a i 1 
12B in first dotoctmcf circuit 00, a pre'iC'-be sotaqcts 
ac>p!ied betweert first input electrode 18A and qround 
electrode 19A then a differentfa! vottaqe between first 
oiilfujt e prtrodp ?0A ^nd ground stectrode 19A is de- 
teciea. Because tne c!tx;titi nas mn or me onage circuit, 
it is calted a 'half bridge circuit* 
|^0$8] A positional relationship between tis-st detect- 
ing element 12A and second detecting eiemcnt 128 rsnd 
a positional relationship betweer the dsiiscting eie- 
meftts and the magnetic Mid direction oi the first mag- 
netic bias appilcation part facing against first deteciitig 
circuit 90 are identical to those in the first exetnplary em- 
bodiment. 

fOOfiSJ Tf»e second detecting circuit can be aimiiariy 



.trtsioq: 



pOTO} The ciwuttry of the half bridge circuit of Siis ss 
kind requires half the number of the detecting stements 
required for the bridge cifcuit, hence a required dimen- 
sion IS smaii and the circutt is ssr^ple, therefore advan- 
tageous for tniniaturizatiotr, 

INDUSTBiAL APPLiCABiLiTY 

[0071 1 As mentioned, the direction sensor asscording 
to the present invention hasfoffowing consiif uents: 



a first detecting circuit having at feast two detecting 
siements formed on a main surface of the subss rate; 
and a second detecting citiciiit tiaving an identical 
structure, 

a first magnetic bias appiicasion part disposed fac- 
ing toward the first detecting dreuit, 
a second magnetic bias appttciation part disposed 
facing toward the second detecting drcute, generat- 
ing a magnetic field in a direction different from one 
tits fii-st magnetic bias appficaSion part generstes,. 



a sufcssrate; 

a f(f Ttideiocitngt rcu>! >of tTif><i on amain sti rises 
01 the substrate and moiuding at ieast two de- 
tecting elements; 

a second dstectsnq circoit formed on the main 
urtaco t tno ^subsf-^ c aio i-n,iudinp at leese 
iwo d&iectmc( Qssmsnts : 
■i ir<i rr^qno b a=; Apn Cc- ion part disposed 
fj-Tj rwsifi ihe itaUtetecttng cifcifS; and 
d s<i< Lnt, itJijt e It Lins t^i. piicatiori par! dis- 
oo-^cd ftjc r t"\ cro ine second detecting oir- 
cu(* and p'oaucfC} a magnetic field in a direc- 
tion different from that of a magnetic fieid (he 
ftrsl magnetic bias appiicatton part produces. 

The directton sensor according Id tsalm 1 , wherein 
each of the first and the second tragnetlc bias ap- 
pilcafion parts fs composed of a permanem magnet. 

The direction sensor according to claim 1 , furtiier 
comprising an insuiating iayer coveting at least ene 
of thef irst detecting citcuit and t ha second detecting 
otrcuit. 

The direction sensor according to ciaim t , 

wherefii the first detecting drcuii includes: 

a ffnst detecJtng elerrxmt; 
a second deieciing element 0} whidi a iongitu- 
dinai pattern direciion is diJferent from ftiat of 
the first detecting elcn^ent, and which is etectri- 
calSy cxinnectod to the first dstsoting elemeni in 

a third detacting eiemsnt of which a iorigitudinal 
pattern direction is in paraSie! with that of tii® 
second detecting eiement; and 
8 fourth detecting eiamer* of which a longitudi- 
nal pattern direction is in parallei with that of the 
first detecting circuit, and which is eiectricaliy 
connected to the third detecting element in se- 
ries, 

t 0 f 'it de eftng v Iw tot tind he 
Z'^^z _ Jv, 1 ; i,!i>)T!i;nt -IK' eltcl icAly conrptt 
oc in pcsrtilioi .jnd the inird dotoctrnq sic"icni and 
the fourth detecting element are also eiectricaliy 
connected in paraiiei, 

wherein the second dstacting circuit includes; 



[007SJ This stnictuns does not mqum a hoider or a 



a fifth detecting efement; 
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a £ix:h datecting alemt-'ntof wliicfi a longitutiira! 
patJetii: diEs<;tiof! » different from itiat of ths fifth 
detecting efemenj, and which is eisctricaiiy 
connected to the fifth desecting element in se- 

a sevenih detsoSing elamenl of which a tongi- 
todina! pattern dirsction is In paraliel wllti lhal 
of the sixth detecltng element; and 
an eights detecting eiamant of which a ioftgltu- 
dlna! paltefn direction is in paralfel with tiiat of 
the fifth dote<Atng ej<imsnt and which ia stectn- 
caffy oonnoctsd to tbo soventfj detecting circuit 
its ssfJss, and 

if» which the fifth detecting ©tement and tfie 
sbH&i defsctiog etement are elsctticatiy cxsnnected 
if) parallel, the seventh cietecting element and ti>8 
eighths detectlRg eiement are afso eiectrfcaily con- 
nected tn parailet. 

The direction sensor aocordirtg to ciaim 4, 

wherein a direction of a magnetic field pro- 
duced by the f fret magnetic bias appiicsstion pari and 
a direction of a magnijtic fieid produced by the sec- 
oftd macinatfo bias appflcaaon patt are cfossitig at 
80°, 

wherein the longitudinai pattern direction of 
the first detecting element and the fongltudin^ pat- 
tern direction of the se<»nd detfsctlrtg siement are 
crossing at 80", 

whsjiein the (ongitudtnaf patism direction of 
the fifth detecting eiement and the fongitudinat pat- 
tern direction of the seventh detecting etemem are 
crossing at 80", 

Tba direction sensor according t« cSaim 5, 

wi^erein tiie direction of the magnetic field pro- 
duced by the first magnetic bias sppiicaiion part and 
the longitu<»nai pattern direction of the flust detect- 
ing sicmsrt arc crossing at 45* > 

wherein the diretaion of the magnetic fieid pro- 
duced by the second magnetic bias application part 
and the bngiludinai pattern direciion of the fifth de- 
tecting elerr^ent are crossing at 45*. 

The direction serjsor according to ciasn 1 , 

wherein a?e first detecting circuit indudes; 

a first detecting eientient; and 
a second detecting element of which a iongilu- 
dinai pattern direction is different from tijat of 
the first detecting element, and which is electii- 
oaiiy connected to first detecting etement in se - 
ries, 

wharan the secotjd detecSng drcyit incfudes: 
a third detecting ei^rient; and 



a foUfUi ';c',-".:i'r"j i'l'jffiwii ot which a ■ongiti.d:- 
na! pattetT; direction is differsnt from that of the 
thtrd as ; i^s « .;r ■ anci wn;c!t t.-i «-i«ctt!oa!- 
iy connec-c^a to tne third delecting sicment in 
5 series. 

8, The direction sensor according so claim 1 , 

wiierein the first and the second niasnettc bi- 
as appiication parts are compasisd of one of CoPt 
alloy and finite. 

9. Tlie clire<^ion sensor according to claim 1 , 

wherein the insulating layer is composed of 

SiO^, 

ts 

10. Tiie direction sensor according to ciaim 1 , 

wherein a magnetic field strength generatad 
by the first and second magnetic bias application 
parts are 5 Oe at least and 23 Oe at most. 

so 

11, The direction sensor according to claim 1 , further 
comprising: 

a surrounding magnetic bias application part 
surtounding at least one of the first detecting 
circuit and the second detectmg ciieult. 

12- The direction sensor according to claim 1, 

wherein the first detecting circuit and the seo- 
so ond detecting circuit are foRned on differei^ main 
surfaces of the substrate. 

13. TTte direction sensor according to ciaim 1 , 

wherein the subsiitiite has s glass giaze layer 
3S formed on the mairj surface of the substrate, 

14. Aproductfor. metiiod of a direction sensorcomptls- 
ing; 

{1 ) foimlitg a f inst detecting circuit and a second 
detecting circuit on a main sutfae© of a sub- 
strate; and 

(2) forming a first magnetic bias appiication part 
facing toward ihe first detecting circuit, and 
45 fomiing a second magnetic appiication pattfisc- 

ing toward the second detecting circuit, 

wherein a difecticn of a magnsttc fiefd pro- 
duced by tne first magnetic bias appiication part and 
SO B direction of a magnetic field produced by the sec- 
ond magnetic bias appScaSon pait are different wi! h 
each other. 

15. The production method of the dtrectton sensor ac- 
5S cording to claim 1 4 further comprising: 

fortYJtng an insuiating layer covering at iesst one 
of the first detecting dtcuit and the second de- 
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16. The pro^Suctton method of the direction semov ac- 
cording to c]&m 15., 

wherein the process (2) inductes; « 

disposing a resist on the msuis&nQ fayer ifi an 
area where the first and tte ssDond magneSJc 
bias appiication parts are not to be tofmed; 
applying a magnetmatertaffoimingthefirst and 
the seconct magoettc bias appfteatton parts on- 
to an entire area of the ineufating fayor; and, 
rsmoviog the rseiet. 

17, Tha production method of the dinscflon aerisor ac- is 
cording to daim 14, ftjtther induding: 

directing the magnetic fieid of the ftrsft and the 
second magrraticbias application patts. 
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FIG. 2 
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FIG. 4 
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FIG. 6 
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Reference marks in the drawings. 

I. Substrate 

2A, 28, 2C, 2D. Detecting etememt 

3. Bridge clrcuK 

4. Hokler 
5A. First coll 
5B, Second coii 

II. Substrate 

12A. Brest detecting element 
12B. Second detecting element 
12C. Third detecting element 
120. Fourth detecting element 
12E. Fifth detecting element 
12F. Sixth detecting efement 
12G, Seventh detecting element 
12H. Eighth detecting element 

13. First bridge circuit 

14. Second bridge circuit 

15, 15A, 15B. Insulating layer 

16. First magnetic bias appitcation part 

16A, 16B, 16C. 16D, Magnetic bias application part 

17, Second magnetic bias application part 

17A. 17B. 17C. 17D. Magnetic bias application part 

18A, 18B. Input electrode 

19A, 19B. Ground electrode 

20A, First output electrode 

208/ Second output electrode 

20C. Third output electrode 

20D. Fourth output electrode 

21,21A, 218. Cover layer 

31. 81. Magnetic fietd direction of first magnetic bias appiication part 

32. 82. Magnetic field direction of second magnetic bias application part 
90. First detecting circuit 
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